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PURPOSE: To provide the manufacturing method of the 
closed cavity LED including the stage of forming a short 
cavity LED having conductive layers on both ends. 
CONSTITUTION: A transparent conductive material 
layer 20 is evaporated on one conductive layer 18 and 
then a glass 25 or diamond film is deposited onto the 
layer 20 so as to section an optical output region for 
protecting. Next, a substrate 12 is removed to cover 
the upper part and sides of the cavity with an inductive 
material 27 and contact metals 30, 32. The contact 
metals 30, 32 come in contact with the transparent 
conductive layer 20 and the other one electric contact 
layer 14. Accordingly, a reflector covers the whole 
direction excluding the photooutput region in order to 
increase the external efficiency. 
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(2 7) »ELEDO)fflfflfl)±l=, £fcftTE35 

i«u (1 4) ts^xsmummmmm (20) casta 

$&(D±lz&m-?Z>J&V. *1 If B 

21KMM (3 0, 3 2) o>Hnfli£» ItTBBBttMB 

(27) £KjIlt. ^^^ttitrEm 1 mmm (1 4) 
10 js^ifttrfiamaiBtmB (20) izm-t *>&x*wl\+& 

SPg ; &£lfttftBdtmB (3 0, 3 2) ffTEB 

UttSJI (2 7) C7)_h|C. tfcffllBSliil (14) 

fe*ifffEaB«**mB (20) ttukt^msmu 

»<D»1 *5cfclf»2»ja««<D*l=«»LT. ItTELE 

Domi fc<fcifm2najmtis^ (30, 32) 

U LEDO)±«ffi<D±lZJE»tt:*»dt 

; izJioTBjaSshicttWBfcriBa* 

[R*a3] BfiflLED-eiot : mi ^rn^om 
20 an (1 4) , tissiifi (1 4) a>±\zmm 

£*L&firEmi it^o)ii tt&ji (15), itrfiffi 

l&SJf (15) fl>±C:IB«S*L*tt»Jl (16), iiB 

tmm (1 6) <&jticEg£;h,&m2#sj&(Dgi2 3s§ 

■ (17), fc<fclf1*Em2«BJl (1 7) <D±\ZWZW: 

ztiz>m&m2mni&om2mnm (is) £^t?*a 

fttmB (1 4*61 8) -efcor. ffrEttftfttmB 

(1 4*6 1 8) l*L EDa>«ffi£IIi£U fiTEm2S 

11(18) tt*6{c**«**H£-r*aBta>*tJ|s|- 
1 ; TOE**«*lc»L±l::ttBU Cfc1VBB2 4HI 

30 ids) tmsLttiizmM-t&f&x. i$i&m2mmm 
(is) o±rciB«**L*s6»i=**aa-r-6*«*t» 

m (20) ; HtrEa0^#m« (20) a>±ictta-r*» 

■CEM^tt^SSM^a^Sffi (2 5) ;|«rELED(0 

«Ba>jtic* ^fcitiEmismji (1 4) fecfeifitrEa 
- BMmmm (20) a>Rtuw»a>±ictts-r^^-eEa* 

4x4BSBtt»Jl (2 7) ;|5EBm^«Jl (2 7) £a 
ot, ^n«e*t|iTEmi «M (1 4) fecfclfltrEa^ 

mwttnm (20) «-e#if««i fc<fcifS2«j£!s« 

(30, 3 2) ; fcJ:lfItrEL EDOfl j3«felfJR2n 

40 spmms^ (30, 32) £i&fiL-?&tztb. &tzm&m 

ItTE LED <D^rffla®0±(zSlt«:^ J^^-T 
-Sfca^lc. ItTEBmW^S (2 7) <D±\z^ ^fcmlEm 

isms (14) fc<fcifnrEa^»s*fSH (20 t 
«M-r««rEBPtta>*i fe«kif»2*js«*©*i^ 

E«**t*«*«ja*f»)l (3 O f - 3 2) ;l:J:ori 

[11*84] HfflfflLED-CfcoT : f 1S1TOS 

1 s®@ (14), iTfE^i mmm (1 4) 
**t*«E»i mnwmi &mm (15), mrEmi 

50 ffigS (15) 0-tlCES4*L^ffi»S (16), ffirE 
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1(17), fc£i;firiBSg2«»f (i 7) ^±(ciaa 

zti&mm2mmi&om2mmm (is) 

o>*tnm (i 4^bi s) t?6ot, mammotmm 

(1 4frb1 8) fiL ED<D{M®£I®£L* ltriES23S 

@®i**bic*3t^ia^ns-r^aaa)«»B o 4* 

bl8) ;WE**««lc»L±lc««-r*»-e* *fc 

ttriBm2ams (is) iraHicttM-rsw-c. isie 

$2 311 (18) (D±lcEa*tt*SISWlc3fe*2lia 

t^iittRS (20) ;itrias^aa® (20) <D± 10 

i^s-ri>^T*Es*+t^«aw*si^ss (2 5) ; 

ltrfBLED(Dia®a)Jiiz. *f=itriB« 1 »BH (14) 

fc<fc^itiiHS^a®® (20) (ostu«i«o±i^a-r 

l^^tiBf^tlSilWI (2 7) ; gli^^i (2 

7) Slot, ^fM8S$lSti (14) 

vsKmmmmtmm (20) 43*1/812 

gjSSa (3 0, 32) ; ItlB LEDfl)|1 fccfc tff£ 2 

*««««js (30, 32) Miami 

1U (14) fcj:itt&Eais»e#SJf (20) tm 

&£*m(30, 32) ; teJ:i;itFlB**«i«*f»<1{r 
ELED(D±«ffiO±IZfi»(t*»fit-r*/i:a<>lC WE 

**i*cttW«tr*BBfflaLED. 
[JKHttlMllttlMl] 

[0001] 

(LED) icBU *&lzBL<li*tt»fe<fctf»*tt 

***ft**tfc led icirr *. 

[0002] 30 

[ft*oa«] led * mm-t «*ftM**m<DHSr* 

(1«3»63. 5) [*. **«»S***iSffift(DHSr* 

(1) .fey t^O-C. LEDa>»¥ttl*|*i»± 

77-f/^ £0 Jfc&SIKtt <fc*^L«fc5 £-f£i§^l:: 
I*. ^<'>fi<D3feL^3aSMlC^Jffl-C^^t>o LEDfc 

P L/>X (microlense) , gradient index lense (GR 

i n) % ia««m*r^T*»i=BJB-c**. l^l* 
[00 03] jtt*tt*<airti^ctii. i^cia)^* 



[0 0 0 4] L ED<Dfl^a*te£fR)-t — ^(D^j 

«t4:ti?w. zoaisi*. mikuMBctsjr 

2O0$7-^^ t/^«>S»ttA<*»lz5iL\vertical 
cavity surface emitting lasers (VCSEL) 

I*. 1 9 9 1 *M 0£ 4 BlwttJ^^tt. 3KS4$ftttlB* 
f$07/7 70, 8 4 1 #£ftf^SftTH-BSAlC 
I82S £ ft "Super luminescent Surface Light Emitting 
Device* 4: H-r*lia*H»»ttSl^feL^TBB***t 

So 

[0 0 0 5] 

LED ££S£|I LED £0)1^ A/<Z)j8lM£> *ttS^(7>ffi 

^•feya*<DKL^*e^Rrttftci:-c** 0 vcse 
lt-i*. ft0ffiin*M&ii«tf>TSfei\i as. ledi*. 

[0 0 0 6] 

*jM*is*«*AaF*u »»tt*«aft**tfcHffia (cios 

ed cavity ) L E D$gttt5Ctt**l>o 

[0007] *5§iBa>£ *££gftl;J\ HffiSLED© 

[ooos] ±Ei3«fctf*a>tta>B(IHIi* ±«ffi**rr 
&!£l^«£i£lt£f5:Pg. fc<fcl/«aa>#3ftJi£® 1 £ 

«<&±*ffi-tlC«* LT LED 5SB*^t\ 
BHfflSLED*»it-r«*a(=fcl^Tj|«**l«. CCD 
ISS&OJfl*. 2O03tl$«Ltlf^^ HTE20 

<&3mjf0>5*>mi rnmmi*. mi gteo^ssci&L 

itrE2oosai(7)5*>m2smMi*m»<D 
B(Ds»«ic»fiE**t*. m2smi[i^bi^. 

■Ss mE»A«*f3»L±icttH-r*»i?. $2it 
mtm%to\zmM-tzi&x: $2311011:11^ 

i-cift^p ctt^cfcy. mi ^ 

EDCDfiraSU^LSai-r^o BfKmJBS* LEDfl) 
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mmmt$*v#no&mmm#nmtzm?-z>*zxmrt. 
&tzm§Lm&#n®&. mm#ft®o>±iz % ffcsii 

fccfct;m2g^J|t(D^I^®Lr. LED0>mifc«fc 

zfn2Kttm%m&£i&fiLi^ &2tmm&i&<* led 

[0 0 0 9] ±mt$&lf*0)Hk<Dfflm\Z. 10 

iz&i\xmmzti. zom&ML edi*. mi3MU&a> 
mi mnm<D±izm^2*i&ni mmmo 
^ 1 mi, ®MSL&mo>±\z&mztiz>m®i®, ifeni 
H<&±ic&®*;K£m2#®j&<&m2&fiH. ts&vm 
z&wmo>±\zmw*fr%>m 2 sw&om 2 

cm^h^u. m2^mHi***i::&*ii#£i©£rs 

m^irsmwi3Sfl4-r^^T% m2mnm<»±izmw:2 
ti&mnto\zftz&&?zmn#nm ; a^smHo-t 20 

fc^@-r^^r*KM$tt-5«SW*2liiSfi ;led(D 

fig®(D-ti^ ^tcmissHfc.ttfaw^mHaga^ 

mi ^ctt;m2nspmmg^^^iS-r^fc^ 
<mmzt&< LEDo±®mo±\z&m&&j&di'?z > tzi!b 
\z H mn#mm<D±iz. &tzmmm&*vmwmmttm 

izwwztxz m%.m&ttnm £^t?<, 30 
[0010] 

PLED1 OOMl^lt^tOMBS^to LED1 

o zmtfLT omzMtfL-? & <d \z m l tc*m^ b & 
&gffii 2^isit-i)o -fis^. «-aa>Hi*xtf$*v-v 

E P MOCVD, CBE4i:0^^ftffilw«i:-oTl^ 

ZtiZo ZiiZ>(D&ffi\z&-oT. iS U O A - ttffl, T^u 

T^US-^A ■ Uf, v'J 
zj>, -fVi^A • 2PJOA • l>§t£<^(D##>b^J$& 40 

jts&ra^Hfc J: i/jtssfftJiiMf ox e$ *->-WH£^ 
*<pi^ic)5:^ 0 n 31*. *^0^T*i:ypaBi^0j-r^ 

*5\Z % gffil 2<7)±aJS®(D±[c^*^-C. x^^ 
>^ - Xh-^ (etch stop ) H£ LtMtSo 91 

m 4(*. mi &ni&&±cz>&5iz^mmz&ym& 
gt*K-e>y (doping) £*u n 30>±\zmmz*i 

led 1 o<Dft&n%m&t§tJt&ftt<D 
miz£L&i3in%m$i*®.\+z>o 

[OO1l]i15tti140±|;If^ LED1 50 



oKiz^ mi mmi&<»&mm®$:f&f$.-rz>o n si*. 

C*. 3ffl^K-^fiIl 6li*«Lt, LED10 

offii^asiftt^o m2t$a®i 7i*ca>^s&^ 
<D±a5s@o±ic^s*ti. *mmz&vi&m&v k— 

H6t, t©±T0)aaai 5, 17^^ ledi 

O CD 3 o Si 5, 16, 1 7 1*. -« 
ICL ED0ffiSt»*Wt»O)$WU LEDI 0 0) 

ssftawcfc&o LEDa>*iiffieyr*(i. 

|J7 - PX (carrier loss) WJ<§^t, C*tlCcfc 
[0 0 1 2] $2iii1 8f*. Hi 7<7)±^S®CO± 

(^sgs^tiSo hi B\ttmmz&yig&&T- K-t?> 
y**itS29ii$^i:, led 1 oflwasmsitja 

[0013] si iz^-ra<*W<83t0ll-e[i. S«1 2 

I*. # U^A • l>fft (G a A s ) \Z&~DXteJ$.£tlZ>o 

Hl3f*. 6 o%7;^-OA^^t^r;i/ = -^A 

• tf'J^A-USt (A I Ga As) CtotMJ^ 
&J0. 0 n> — h;U<DJ?£|:i§g*t2*L&rt^ 20 

o^->^x KP-Ai$if^< fe#i>o n 4i*. 10 

0%# »J<i7A£#3rr£;tf 'J^A • (Ga As) iZ 

^7P>-h;i/0)I$lzIf 2x1 0 19 c rrr 3 CD K 

-/OUSt'K-tf^^*^ Hi 51*. 3 0%7 

(AIGaAs) l:J;^TM*^ PJBK— He 

Hi 4l*£jo. o 57>f{?p^- h;u&Jl£ic^£ 

*U 2 x 1 019 cm-3(D K— higgt? K— tf>^£ 

4x-5o Hi 51*. 3 o%07;i/5-OA$^t^7;i/ 

OA ■ tf'JOA- (A I G a A s ) \Z&vTM 

mZti. PJ^K— /<> hfzJ:oT K— e>^**t. P^ 
7^£-^A ■ *-'J • Ul^gtttS. Hi 5\tm 
O. h;K7)iS* 3x10^7 

cm-3(^ K-/<> hlgt K-e^$Wo ffi»1B« 
SMt-6 3 0(Dl1 6|ZOl\Tl3\ n(!3C0 2oa)H 

lis tti oot>?x hP-AO)IS*^SI^*ttfc^K 

— ^- ^fUOA- (Ga As) lz«fcoT»J*S*U 

**(DHI*. $tii o ot>yx hP-A0)B$|C||^^ 
*t43f K— ^- -< >v^A - tf'J^A • l>m (I nGa 
As) (ZcfcoT^^tL. I®2 0%(D-<>v'!7ASt 

^-r^>o i&m?t<D}&&it9 2oi-/ t—bjizmTL (g 

a A s(cfcUxrqRilX^4x3ti:^(5i:^»^^) . C0)H 

JfiftJ-ei*. fi9 6 0fy^-h;i/t-fc^o Hi 7i*m2 

K-tf>^**i^ 0 hi si*. m2»sH-ea&y. 
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1 0 0%#'J^A$^frr -StfU^A - US (Ga A 
s) £&0. O 5"7>T £ h;K7>W:*I^S5feSL. c 

tlS5xl 018 cm-3 0>»g-r?Nff2 K— /<> K-C K— tf 

[0014] 02$#ilt, suiMizAsasia-r^a 

®#**S 2 0 I*. Bl 8C0JLI^ £*:Sl 8<t@tlWI:: 
t£®T&J&T-|g§£*i£ 0 -»l:i2 0li, 

^t?fci)^ftlOindium-tin-oxide ( I TO) tt&Klcfco 
XJ&flLZtl&tf^ S^»IS*t^"eft-S)cadniium-tin-oxid 

e (cto) &£iho>#nt>mm-(*£&z.±&mm*ti 10 
tzi\ eaw3tsi^aifi2 si*. S2oa>jLic©*t£ 

SMtSo SSMftS&Sfc 2 5 I*. *7X, -9-377 

X7K^ri/^^O^M2 2(C«*:oT5®m^S^**t§ 0 
fcfcJ2l£;h,&#l*. JI2 0^3cfci;Sffi2 5£ilLT&j&2 

*j*. J$$kto\zmmx£Z^'ftL<D<7>) J rWit (clear 

curing) ^7$*c^*>*imv&z> 0 mms t^?mit. 
&mfto%mm&&tM&Lx&mz*i*>m^ **x 20 

r«HM3fe3S^S«J <hl^5i§t*. *^£X*I<&SSm£ 

t$t> l )\Z^ 1 9 9 2^7^ 7 SIZ^^tL^Depositio 
n of Diamond Films on Semiconductor Substrates" t. 

m-r^m^^ms, 128, o o emzmmztitt 
[001 5] @3j#iLt, H2(D«s$eiaest? 

^-Tc flu^T&El 2$R4Lfc. — «f3 % »ffil 2£ 30 

N H4 OH : H2 O2 ^^fr^x y h • X7f >^S?iJ 
lit. GaAsIfil 2*R*-T*o S«1 2 1*. K 
■ ^7^7 ■ x~/5 1 >^fcefcl*hot chlorine chemi 
stry. ?5:t)i;{C-hfe0^<(D^»lCDX-;5 1 >^$ffi^Lr 

B4t*§ctSIS4*ifct\ H 3 icSF-rfcarei*. 
Bl 3t^^fcc C;K£i§ii&£x-/^>^|c < fcy& 

£-e^5 0 if i 3I^^lti*i^i:xv : ? 1 >^-c?[*5^< 40 

oBSii) *mmz^-Q%z>tm'£ish,z>^\z 
i±. si 2^^*-r^^^T*i**i^ 0 

[0 0 1 6] 0 3 <B<gj£l::. mSLOm (Hi 4, 15, 
16, 17, 18) CD— «$»*-r4SBS*tJlDLT* 
LED1 0£iH£U ^0><l®^^m > r^^<D$|g4|C 
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4, 2 0(oa®««3b<»ffl**ifcttffl-e. sm&£*m 
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